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SUPPLEMENTARY INVESTIGATION TC DETERMINE THE EFFECTS'OF 
:. 

CENTER-OF-GPAVITY POSITIO; ON THE SPm, LONGITUDmAL- 

TRIM, ANU~LINGCHARACTERISTICS OF A $ycATa 

MODEL OF TPE CONSOLIDATED VULTEZ 7002 AlRpI.,p;NE 

(FLYINGMOCX-UPOFXF-92) 

By Walter J. Klinar and Ira P. Jones, "Jr. 

SUMMARY . . ' .- 

A supplementary wind-tunnel investigation kas been conducted to 
determine the effect of re arwerd positions of the center of gravity cm 
the spin, longitudinal-trim, and tumbling cherecteristics of the L-scale 20 
model of the Consolidated Vultee 7002 airplane equipped with the single 
verticel tail. A few tests were also made with dual vertical tails added 
to the model. The model was ballasted to represent, the airplane in its 
approxbate design gross weight for'two center-of-gravity positions,. 
3O'and 35 percent df the meen aerodyna&c'chord. -The original tests 
previdusly reported were for a center-of-gravity position of 24 percent of 
the mean aerodynamic chord. 

The spin end longitudinal-trim results obtained for the present inves- 
.tigation were generally similar to those obtained originally in that the 
model generally did not spi.n,but demonstrated a tendency to trim at high 
stalled engles.of attack. For the current tests, spins were obtained only 
when the ailerons were placed against the spin. Tho@'the spins could 
not be terminated by reversing the rudder,.moving the ailerons to full 

""Ydth .‘the' '@fir ms"-e'ff&&t;i+&' h &b@$hg tfig "'&ffi ro$ati-&; however, the 
model trbmed at hi@ stalled angles of. attack after the cessation,of the 
spin rotation unless the elevator was down. Brief tests performed with 
the center of gravity positioned at 30 percent of the mean aerodynemic 
chord showed that by adding the dual vertical tails to the wing tips, the 
spin obtained could be terminated by reversing only the rudders. As was 
the case when the sin@e vertical tail alone was installed on the model, 
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~st,e$l,ed~trim attitudes were obtained after the termination of the spin. ._ ._ ._,l 
rotation. It was necessary to move the elevator from up to 10' down to 
pitch the model out of Its stalled attitudes when the center of gravity 
was at 30‘percent of the mean aerodynamic chord; when the center of 
gravity was at 35 percent“Qf the mean aerodynamic chord, rapid movement 
of.the elevator fram up to 350 down was required to enable the model to 
recover from the stalled glides. , 

The model tumbled when the center of gravity was at 30 or 35 percent 
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of the mean aerodynamic chord. The results of the Investigation indicated 
that reversal of the elevator would probably not be effective in terminating 
the rotation;, Analysis of the model motion indfcated that the accelerations 
encountered in a tumble of the 7002 airplane might be dangerous to a pilot. 
The results of the investigation indicate that limitation of the rearward 
position of the center of gravity to about 25 percent meen aerodynamic chord 
will prevent the 7002 airplane from tumbling. 

INTBODUCTION r 

Subsequent to the issuance of reference 1, additional tests have been 
made in the Langley 20-foot free-spinning tunnel on a L-scale model of the 

20 
Consolidated Vultee 7002 airplane to determine the menner in which the spin, 
longitudinal-trim; and tmbling characteristics of the model would be 
affected by moving the center of gravity rearward from the original normal 
position. The current spin-tunnel investigation was performed because it 
was indicated that the center of gravity on the 7002 airplane would be at 
a position ferther rearward than had ori@;inally been anticipated. 

The investigation -for the most part, 
vertical tail installed on the model. 

was conducted with the single 
The model was ballasted so that its' 

moments. of',inertia corresponded to those at its,original design gross-weight 
loading end two center-of-gravity positions were tested, 30 and 35 percent 
of the meanaerodynamic chord. In addition, brief.,spln tests were conducted 
with, the dual ve,rtical tails installed in conjunc,tion.with?thethe single 
vertical tail when the cen.ter of gravity was posltkned at.30 percent of the 
mean aerodynamic chord. '. 

,“. - ._.. . ._ ._.~_._ .- SYMBOLS AND WTJwqs.. .,. _, _ _-... _ _ ,... .., -, 

b wing s$en, feet 

s : wing area, square feet 
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rat io o f d is tance o f c e n te r  o f gravi ty  rea rward  o f l ead ing  
e d g e  o f m e a n  a e r o d y n a m d c  cho rd  to 'm e s n  a e r o d y n a m i c  chord .  

rat io o f d is tance b e tween  c e n te r  o f gravi ty  e n d  fu s e l a g e  
re fe rence  l ine  to  m e a n  a e r o d y n a m i c  chord ,  posi t ive w h e n  
c e n te r  o f gravi ty  is b e l o w  fu s e l a g e  re fe rence  . l ine 

m a s s  o f a i rp lane,  s lugs  
., 

m a m e n ts o f Iner t ia  a b o u t X , Y , e n d  Z  'b o d y  axes,  respect ively,  
s lug- feet2  

1  

'iner t ia  y a w i n g - m o m e n t p a r a m e ter  

iner t ia  ro l l ing , -mcnnent  p a r a m e ter  

iner t ia  p i t ch ing -moment  p a r a m e ter  

a i r  densi ty ,  s lugs  pe r  cub ic  fo o t 

re lat ive dens i ty  o f a i rp lane  (m/pSb)  

a n g l e  o f 'a ttack,  'd e g r e e ,s. (For  th e  sp in  d a ta  p r e s e n te d  o n  
th e  charts, .a is th e  a n g l e  b e tween  fu s e l a g e  re fe rence  l ine  

,.*" I, a n d  vert ical  e n d  $ 8  a p p r o x i m a te ly  e q u a l  to  th e  abso lu te  
va lue,  o f th e  a n g l e  o f a ttack)  

-: ,_  ,' .,fu l& -sca le  t rue rate,of d e s c e n t, fe e t.pe r  s e c o n d  
~ .I .I 

a n g l e  b e tween ,spen  ax is  e n d  ho r i zon tG, 'deg&es  ,: I. 'b , 
fu l l -sca le  engu le r  veloci ty a b o u t sp in  aria,.  revo lu t ions  

pe r  s e c o n d  '. * '. 
I .*bm,mI;.. f’. 

J2,., .’ a, ,~ ~ p f t ch~~~~~ t i~~~  ‘cd;eff’iefei* - (g/&j  

M  -'p i tch ing m o m e n t a b o u t c e n te r  o f gravi ty  o f a i rp lane  

Jr a n g l e  o f y a w  a b o u t Z  b o d y  axis,  d e g r e e s  ./ c  7 '. 
t  

’ 
I  .i 

. -  

-  

,: 
. I  ;>  “ 

..’ .  
, I .  :  

- . . .  . . -  -  



‘.** . 
. 

. 

b.?f ., 
-0 & 
I*.* 

, 
. 

l .e 

5.. : 

. l : 
> 

/ ; ,’ ‘; :,_ I’ 

.’ 

. 

..A’, 

!  

.  

4 NACA.HM No. SLgB24 

6,: _. . . . .~ .,,~. elevator defleption,,,~,eitive, when, trailing edge is down, ,. ,., ., _., -. 
degrees 

aileron deflection, degrees 

rudder deflection, positive when trailing edge is to the 
6, left, degreee 

APPARATUS AND.METHODS 

Model, 
'. 

The 20 L-scale model  of the Consolidated Vultee 7002 airplane used for 
the tivestigation reported in reference 1 was used in,the current invest%- 
gation. A drawing of the model  in the clean conditicrm, is shown in figure 1. 
The dimensional characteristics of the airplane as represented by the model  
are given in table I. There were'no king fillets on the model. '  

As indicated in reference 1, lateral and longitudinal control are 
combined in one pair of controls called elevens. Long1tudine.l control Is 
obtained by deflection of the elevons together, end lateral control is 
obtained by..differentlel deflectlon.of the elevons. Hereinafter, elevon 
deflections for longitudinal end.lateral control will be referred to, for 
simplicity, as elevator and aileron deflections, respectively. 

% !ind Tunnel and Testing Technique 
I. 

‘Testswere performed in the'La&ley,20-foot free-spinning tunnel. 
The testing technique applied end methods for determJning the spin data 
were essentially the asme as those reported in reference 2. For some of ', 
the current tests, however, recovery from the spin was attempted by moving 
the ailerons from their original against-the-spin setting to their maximum 
deflection in the opposite direction (full with the spin). Provision was 
else made for movement  of the elevator down while'the model  was In free 
flight in the tunnel. 

The tumbling procedure ~as'similer to that given in reference 1 in 
that the model  was launched in a  simulated whip-stall condit ion and also 
~tli.forced.pi~h.~~'~~~~t~tTdn"'.~~d.tli '.positive'and,n~~tive)'....-As is explained 
in reference 1, .if the model  t.mbles when launched in either manner,  it ie 
taken as an indication that the correspondtig airplane m ight tumble, 
al though the corresponding airplane would be more likely to tumble if the 
model  began tuuibling when launched with'no pitching rotation. 

m  ,:.‘ ,' 

,' ' .' ,I.'. ,1 ,I _  _-. .---- _  w 
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The precision of the test results and the limits of accuracy'of the 
measurements of the mass characteristics are considered the same as those 
reported in reference 1. 

.  .  

<. 

Test Conditions 

The conditionstested on the model are listed in table II. The mass 
characteristic.6 'of, the model 'are listed in table III and the lnertia.mass 
Raremeters for the model as tested 'are given in both'table III and- 
figure 2. ', ~ 

The force-test'hata presented were obtained from reference 1. 

The maximum normal control deflections used in the current tests were 
the seme as those utilized during the original investigation: 

Rudder, degrees 
Right .' . .., . 
Left . ,.,c,eI!. 

Elevons, degrees 
As elevators 

up.... 
Down. o . 

As ailerons 
up.. 0. 
Down . . . 

-.............‘....a 
. . . .  

. . .  

. .  ‘. .  . .  ,.‘. . . . . .  . .  . , . ,  . . . . . . . .  0 .  .  ; :  

.  D  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  20 

. . . . . . . ..e . . . . ..O ..O . . . . . . 26 

................... ‘. . .‘. ... 15 

....................... ... 15 

Figure 3 shotis the angular deflections of the ‘elevons plotted against stick 
deflection. 

RESULTS AND DISCUSSIONS .,, I \ 
Spin Tests, .I': r:.. .' :. '., '. . 4.;. 

Single-vertical-tall configuration.- The results of the spin inveeti- 
gation for the model with the single-vertical-tail configuration loaded to 
sbrniW_te the..70.0? ,ai~~-~e..T~lt)r~~~~~~~c~~t~~s9. gr.ap,ity. at 30 .and 35 percent 
of the m&n~aerodyn&ic chord are presented in charts 1 end 2, respectively. 
These results were generally similer to.those obtained when the center of 
gravity was at approximately 24 percent of the mean aerodynamic chord 
(reported in reference 1) in that the model genereilly did not epin but 
demonstrated a tendency to trim at high stalled angles of attack after the 
imposed launching rotation was expended. Charts 1 and 2 show that the 
model spun only when the ailerons were placed at about l/3 against the spin 
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when the,center-of gravity was'at 30 percent..6f-the"jmean-aiii;dd~~ic'cho~-~ 
and when the ailerons were either partially or fully against the spin v&en 
the center of gravity was at 35 percent of the meanaerodynemic chord. Ala. 

is'indicated in charts 1,snd 2, when the'center of gravity was at 30 Fcent 
of the mean aerodynamic chord and the elevator wae set to 10' down the model 
no longer trimmed in a flat glide but entered a dive, and when the center of . 
gravity'was at 35 percent of the mean aerodynemic chord and the elevator was 
set to 60' down, the model pitched inverted. Rudder reversal was ineffective L 
in terminating the spin rotation but the results of the tests presented on 
chart 1 indicate that the spin rotation could be terminated by movement of 
the ailerons to full with the spin. ,After the cessation of the spin rotation, 
however, the results indicate that the model would generally trim at flat . 
stalled angles of attack. _' 

Results of tests performed to determine the effect of dynamic elevator 
movement in terminating the stalled glides that were obtained after the spin 
rotatian ceased are presented In table IV. When the center of gravity wae,. 
at 30 percent of,the mean aerodynemic ,chord there was little effect of the% 
dynamic elevator movement in that it was necessary to move the elevator from 
up to lOO.down to pitch the model out of its stalled attitude. When the 
center of gravity was at 35.percent of the mean aerodynamic, chord, however, 
rapid movement of the elevator from up to 35 ' Bown;pltched the model inverted, 
Indicating a scmewhat beneficial effect of dynamic' elevator movement for this 
positian of the center of gravity. (Reference 1 indicates that when the 
center of gravity was at about 24 percent of the mean'aerodynemic chord, 
moving the'elevator slightly down beyond neutral enabled the model to pitch 
into a dive.) As is Indicated in table TV, when the 'center of gravity was 
at 35 percent of the lqean aerodynamic chord and'the elevator was reversed for 
recovery from the stalled glides, the model oscillated in pitch before 
finally pitching inverted, the pitch oscillatiozis,being quite large and the 
final pitch to an inverted atti'tude occurring very rapidly. This maneuver 
would certainly be confusing to a pdlot and also dangerous inasmuch as It 
appears that when it becomes necesse to move the' elevator doti much beyond 
neutral to effect recovery,from the stalled glides"there.exists the possi- 
bility that the,,dorresponding airplane might pitch inverted and trim on ,: 
its back. . . ,. 

,:: ". ,. ,, 
Addition:of- dual-vertical tails';- To im&ve{ the spin recovery charac- 

teriaticslof the model by normal usage of the controls, the dual vertical 
tails were added at the wing tips, and the center vertlcel tail was retaIned. 
The tests were ~c'onducted with the center of gravity positioned.at 30 percent 
of. the mean"v.aepo~~c - ch-ofl :-gip'the 'test a&t& dg. jpggentea b charrt 3 D 
Chert 3 shows that although the dual vertical tails contributed sufficient 
damping to prevent the attainment of a condition.of spdn equilibrium when 
the ailerons were placed either partially or fully against the spin, the 
model now tended to spin at the normal spin-control configuration. To 
expedite tests, recoveries were not attempted from this spin by movement of 

$$H1 Ft.. .’ .., .’ ‘a’. L .” ,gr> * 
L&& -_ 
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the rudders, but the.,~~.~l.,waal.Saunched.into the-tunnel~~wkth'the rudders ~~ 
merely-e"& against the spin. Inasmuch as the imparted launching rotation 
damped out.rapfdly with the rudders set against the spin, this was taken 
as an indication that the spin rotation would also have been terminated 
rapidly had all three rudders been reversed fram with to against the spin. 
The flat stalled trim attitudes that were obtained after the cessation of 
the spin rotation when only the single vertical tail was installed were 
also obtained for this configuration of the model: 

Static-Force Tests. and Scsle,Comparlson 

A com$arison. plot of the pitching;moment characteristics of the 
model for center-of-gravity positicns of approx+ately' 24, 30, 
ma 35 perc&t of the meen aerodynamic chord iS shown in figure 4. This 
plot was derived from the force data presented in reference 1 for the center ,' 
of gravity at about 24,peycent of the meen aerodynamic chord. As was 
indicated in reference 1, the force data Is in general agreement with the " 
results of the dynamic-model tests as regards prediction of model trim 
attitudes for various elevator settings. In order to determine the 
limfting center .of gravity and elevator. position6 required to prevent 'trim 
at stalled positive angles of,attack, cross plots of the pitching-moment 
data presented %n!figure 4 were made and are presented in figure 50 
Figure 5 shows that when the center of,gravity isat about 24 and 30 percent 
of mean aerodynekk chord, elevator deflections somewhat In excess 
0f 20 a0m ma 17O down, respectively, should effectively terminate 
a stalled glide,. Extrapolation of the curve for the center of gravity 
at 35 percent of the mean aerodynsmic, chord shows that an elevator deflec- 
tion somewhat greater than 30' down would be required to pitch the model 
out of a stalled attitude. In addition it is shown in figure 5 that if 
the center of Gavity is maintained somewhat forward of 31 percent of the 
mean aerodynamic chord, normal full down movement of the elevator 
(20° down) should be effective in unstalling the model. 

A comperison plot of the pitching-moment data obtained on the &WlLi~ 
spin model of the 7602 airplane, a scale model of the 7092 airplane ,.. ii%- ,... 
tested at GALCIT, end.a full-scale 7002 airplane tested at &es Aeronautical 
Laboratory is shown in figure 6. It will be noted that all three curves are 
generally sfnilar below the stall and that they all breek in,t,he unstable direc- 
tion at m =gle of attmk of about 35~,.,~,,.-.~~~_.,,,,~ Unfortunately no-data are available 

-for the &A 
..-.qr .--A _ I . ..P~. 

~&&?ti%%%~ an& '&e*ful?~scale ‘7002 airplane for angles of attack 
above 40°, but inasmuch ae the pitching-moment curves for ell three versions of 
the 7002 airplane are generally similar below about 400 m&e of attack, it 
appears possible that they may be similar throughout the whole angle-of-attack 
range. Based on this assurmption it might be'expected that the trim attitudes 

p -. . 

A__ 
c”‘., :’ 

, : .  

rF ~, 
F  .1 --.-_----- -.a .a- ..- 
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exper3enceh'by'the m&z,- * scale'spin model &ld 
_ _,.I,. ". , -..--- -in - 

in&cate rather closelythe trim ; ', -.. ,' 
canditicns that may be expected on the full-scale 7002 aiq&,ne.':' &ct.&i 
connection it might also be mentioned that the results of previous 
longitudinal-trim teats performed in the spin tunnel ,on a 0.059-scale 
model of anairplane did indicate general agreement between the trim 
attitudes experienced by the model and the full-scale airplane 
(reference 33. A, .' 

Tumbling 

‘, 

’ 

The reeults of the present tumbling Investigation are presented in 
.table V. Results of previoue 'tumbling tests presented in reference 1 
showed that the':model would not tumble when the center of gravity wae at 
about 24 percent of the mean aerodynamic chord. 

Although the tumbling tendencies of the model were somewhat greater. 
when the center, of gravity was at’35 percent of the mesn aerodynamic chord 
then when the,center of gravity was at 30 percent of the mean aerodynamic 
chord, the results ehov the model to be capable of tumblfig regardless of 
elevator settin&.for either position of the center of gravity. The' 
tumbling motion either consisted of a pitching motion about the Y-axis 
w3. 7), or of a pitching motion combined,with yawkg and rolling. The 
most persistent of these latter motionswas a tumble with superimposed rolling 
but the modei also cartwheeled at times and at times experienced only a 
rolling motion (two sequences shown in fig. 8). 

From the results of the model tests dt appears that for rearward 
positions of the center of gravity, if the 7002 airplane is stalled tith 
its nose near the vertical or if'it is forced into a nose-up attitude by 
a strong gust, 1-t may tumble. The-tumble may conalst either of-a.pitching' 
tiotion about the Y-axis or a motion, consisting of.combination of pitching; 
yawing, and'rolling as has just been diecussed: Reversal of 'the elevator 
till probably be ineffective in tzrminating the developed tumble. It 
appears from the results of reference ,l and ,frcxn the present investigation 
that it will. be necessary to limit 'the, center, of"gravi'ty to abproxi- 
mately 25 percent of the .mean aerodynamic chord to insure that, 
the 7032 airplene does not tumble. 

An ane.lysis of the motion of the 7002 model during tumbles +ns made . _C.. -_-.._... in order to-compute-the'lnetant~eous~t~~~~~~~"e"~d‘hormal accelerations 
acting at a pilot's head during a tumble; The centripetal acceleration 
end the tangential acceleration due to changes in rate of rotation were 
considered in these computations. 
a straight path and to tumble 

The model was assumed to descend,along, 
about its center of gravity. A tabulation 

of the computed accelerations for three separate tumbles when the center 
I . . 2 : ._ 

: .  
: .  

,  

: ,  

.” 

\  
. ;  

I .  
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62 '&iVXiy &ilTGt 35'p;t&mt of the meen aerodynamic chord is- shown ln 
table VI. These acceleratlons,are considered to be‘lndlcatlve of the 
accelerations that may exist during tumbles of the 7002 airplane. Table VI 
shows that the accelerations vary rapidly ln'ma&tude and direction end * 
that the most critical accelerations are ,a negative normel acceleration 
(pushing the pilot upward ln his seat) of 9.6g and a transverse.~celera- 
tlon (pushing the pilot forward ln his seat) of the .order of 16.78. Since 
the model was apRroxlmately level when these accelerations occurred, adding 
the effects of gravity (lg) to 'these accelerstlons causes the negative 
normal acceleration to be reduced by 1 g, whereas the trsnsverse,accelera- 
tlon 18 unaffected. : 

Inasmuch as the pe;k acceleratlans are .of such short duratlon,.lt Is 
n0t;know.n whether they will be harmful to a pilot, but the available Informa- 
t&ion-the subject,lndlcates that the accelerations experlenced,xiay be 
dangerous. Reference 4, issued ln 1937, Indicates. that there Is little tlme 
lag lnnegative'normal accelerations and'that accelerations of -38 will 
cs;uee symptoms of concussion, whereas ecceleratlons of the, order of -58 may 
result in.massive cerebral h&norrhagi?s and death; 'Reference 4 further' 
indicates&at t'ransverse acc,e&eratlons are well tolerated'up to 12g,,the 
princl~l physlologlcal effect.of hlghtransverse,g being a'campresslon of 
the fra@+ork of the body tending to,lnduce forded explratlon~and resulting 
in an Involuntary holding of the breath. More recent experiments 
(refer&es 5 and 6) have indicated that noma accelerations of -3.68 
lasting for 7 .seconds, -4g lastlng,for 0.3 aecod, -78 lastingfor 0.17 second, 
and -1lg lasting for 0.003 eecond have been demonstrated by human subjects to 
be tolerable. A ccrmparlson plot of the accelerations computed to exist at a 
pilot's head during the most critical portion of a tumble (that is, where the 
highest negative g's are experienced) and a plot derlved,from references 3 
end 6 showing the,,.,negatlve g's that have been demonstrated to be,tolerable 18 
shown In figure, 9., Figure 9 shows that excessive accelerations may be 
experiencedi,,, In addition, domputatlons made to determlne'the head venous 
press&es-that may be experienced by's pilot In a tumble show that the pres- 
sures momenta?i.ly exceed the danger llmlk l.ndlca%ed in reference 7. Inasmuch 
as the.dangerousvenous pressures last for only short periods, however, there 
ie sme questlori as to their harmful effects. On the basls.of these refer- 
ences it may be concluded that the negative nor&l accelerations encountered 
in a tumble.&& be dangerous to. a pilot, and, also, that he might suffer 
harmful. effects from the high transverse g. 

,. ., -*+ .'., _ ,*ur)u%." : I..., I.. ., ;, ;*; I ', _ ., :- I . ‘CCI+LGXOJ!E ',. 

B&ed on the spld-tunnel test results of the L-&ale model of the 20 
Consolidated Vultee 7002 airplane equipped w1th.a single vertical tall with 
the center of gravity at 30 and 35 percent of th'e mean aerodynamic chord, 
the following conclusions are made: 

‘.. ,a 8 ,  
,  .  .~ ~ 

-. - .  .  ._-. . ._.  -1.. _. .- _. .  .  -2’ _ ..- -.- - 
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i 2 ~ .me,. sp~s~~d longitudl~&+jg’ b&&~&~+~~s ‘&f ,&& ;alrpi&e 

when the center of gravity is at 30 or 35 percent of the-mean aerodynamic 
chord will b.e generally slmllar to those obtained when the center of ", 
gravity Is at 24 percent, of the.mean aerodynamic chord In that the alr&ne 
will usually not spin but will trim at flat steZLled attitudes. 

2. Spins will be obtained only whenthe 'ailerons are part,lally or ." - 
fully against the sgln. Rudder reversal ~$11 be Ineffective In terminating 
the spins obtained, but movlng'the ailerons to full with, the spin wl$l 
terminate the. spin rotation. In order to recover fromthe stalledglIdes, ,, 
'that will be obtained after termination of,the spin rotatlan It will. be !..;' 
necessary to reverse the elevator rapidly from full'upyto loo down and from 
fulup to 35’ down when the center of gravity Is at 3d’ and 35 percent of 
the mean aerodynemk chord, respectively., 

., .I. 
/ .'.I 

3. The airplane will be capable of tumbling and elevator reversal will,' 
be ineffective in terminating the tumble. The acceieratlons encountered 
ln the tumble may be dangerous to a pilot. ,, 

., : 
,' 

4. To ineure against undesirable 1ongltudlnal:trlm cheracterlstlcs 
and to eliminate the tumbling tendenciesof the airplane It Is necessary 
to limit the rearward movement' of the center of gravity. If the center of 
gravity is not permitted to move farther rearward than 25 percent of the 
mean aerodynamic chord the airplane will not 'tumble and,wlll have satls- 
factory longitudinal-trim characteristics. 

5. If the airplane Is flown at a centeryof-gravity position rearward 
of 25 percent of the meen aerodynemlc chord, It Is recommended that no 
spins be attempted on this airplane and that cere be exzrclsed whenmaneu- 
verlng to avoid stalling the airplane wlth Its nose up nftir the,vertlcal. 0. ::' " .: : ::. 5 l,l'!?,_ 5,. / ,; 
Langley Aeronautical Laboratory 

National Advisory Commlttee for Aeronautics 
Langley Air Force Base, Va. \ :,. 

Aeronautical Research Scientist, 

~, _,, Ixr>- ‘.., ._.’ ,-Tj,v-n,v.+.x ‘?f .e-. -r.. 
_._ .’ -.*- 1 *-..‘~dw .- _... ye.+yz,; @FFs..~ -,-. ._.~. -: I -. 

,, 

Approved: A l?a ,," 

Ira P. Jones, Jr. 
Aeronautical Research Scientist 

Thomas A. Harris 
Chief of Stability Research Division 

. :. 

11 I,, .’ : ,;. .,.:,~ +& ‘, + 
:4b : 2 ‘*.g ‘;g$++ 

pJ$& ; _ : 
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T A B L E i  I.- D IM E m S & U L  C E fA R A C T E R IS T ICS O F T H E  C O I‘E 3 O L I D A T E D V U L T E E  7 0 0 2  

A IR- As  S IM U L A T E D  o r ?  T H E  &-scm S P IIV  M O D E L  

,e n g th , o & r - a l &  ft . . . . . . t . 
'in g : 

s p a n , ft. . . . . . . . . . :. . 
,“& e a , sqft . . . . . . . . . ‘. . 

S e c tlo ti, para l le l  to  a i r p lane  
c e n te r  l ine  . . . . . . . i . . 

M e a n 'a e r o d y n a m i c  c h o r d , ft . . . . 
L e a d i n g  e d g e  c,b e h @ d  l ead ing  

a p e x  a n g l e  w ti&  in. . . . . . 
S w e e p b a c k  0 4  l ead ing  e d g e  o f w ing , 

d e g  . .' .'. . . . F  . . . . . . . 
; :Tip c h o r d , :,;la . . . . . . . . . . . . . 

') R o o t c h o r d ;'in . a . . . . '. . . . . 
W ing  d ihed ra l ., d e g  . . . . . . . . 
T a p e r  r a tio ' . . . . i . . . . . . 
A e p e c t r + o  . . . . . . . . . . . 
D is tance f rom c.g . to  e l evon  

h l n g b ,ft........... 
D ie t~c6  f rom c.g . to  r u d d e r  

h i n g e ,ft........... 

E leven  : .., : ..' 
C h o r d  b e h i n d  h i n g e  l ine  ( c o n e ta n t), 

in.': ..,. . . . . . . . . . . . t . 
,A .rea,of . .each e leven  b e h i n d  h i n g e  

l ine;, ,:,q  ft . . . . . ., . . ,i . 

rert icel  ixiil: 
T o tal. + r e $  sq  ft ; . . . Z  . . .:,: 
R u d d e r  + r e a  b e h i n d  $ + g e  l ine, ', 

sq  ft . . . ..; . . . . . . . 
C h o r d  b e h i &  h l n g e .lin e  (constant) ,  ,; . . . . . 

,, A s p :;. ;:t;o & & j~  : ~ ].,L u G - .-:. : .,*.~ .~ ) ~ .~ ~  e . .-*~ ..d ~ o h lfZ~ ~  . 

S ing le  vert ical  tai l  

4 1 .3 7  

2 9 .4 2  2 2 .8 3  
'3 7 5  '3 6 6 .4  

N A C A  6 5 t0 6 j - O 0 6 .5  

1 6 .9 9  

N A C A  6 5 c 0 6 1 - o o 6 .5  

1 6 ,.9 9  

1 0 1 .9 8  1 0 1 .9 8  

6 0  

3 0 5 .: 
,O  

0  
2 .3 2  

1 0 .5 3  

1 1 .0 6  

3 4 .4  

3 3 .2  

6 7 .0  

1 3 .4  

;L* .  -  

1 9 .2  
'>  1 .1 5  

)ua l  vert ical  tai l  

3 0 5 1 8  6 8 ?  

., ', 0  
0 .2 2 4  

1 .4 2  

1  1 0 .5 3  

E l.8 6  

3 4 .4  

2 5 = 7 3 ' 

5 0  

1 2 .4  

2 1 .0  
,*e - _ . ..~ _  ., .l .o  

.._; . . . 1  _.’ 
L  ,~ . ‘3,. ,’ *= &  

‘~ & $  J j ‘,. )’ ., .a  
..; : 2  ‘t3Qs  4  z..*,:,* :- . -,I’-  -  
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TABLE II.- CONDITIONS TESTED ON THE 5-I 
~.- ,' 7: ..,. . . . .I. ",‘,.r.. , /,- . ..: . .., 

THE 7002 AIl%mam '- 

C=ter-of-gravity Vetiical+ail 
position Type of 

(percent E) Installation launch 

spin teete 

.’ .‘. 
,30’ ‘. single ‘. 

35 Single 

I”‘” a;nd-&.+ \;: ‘“, :’ 

:ALE MODI& OF 

Data p&e&d in 

Erect spin I 'Chart 2 

\. 
Dynamic elevator-movement teds, 

30 Single 
; 

Erect epin 'Table IV 

?5 Sh@e Erect spin Table fV 

,,’ Tu~&ling teata~ 

JIC. .ia,.: _,?. -. ...<L . . . . - .~,I ,m....2. ,, ,( ,,a? ,. - _ - ,. .,~- ,. ~. 
30 Single Tuuible 

-"'rg..&le v  

r 

35’ W@e Tuuible Table V 

^L w 

., ,~,, _. i 
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TiiBIE III.- COMPARISON OF MASS i 
i 

i 9, MODELS AN% TEE ORIGINAL DESIW GROSS-WEIGHT LOADING OF'T'lWCti~L~~ VaTliZ' Al+ME i. 
'. 

/L i 
-..:: I _..,_ -. 

C Model valw-aregiven pe correpdh &ll-EC& &&I;~.- '.- :.- ;. I' 
momenta of inertid dse- ~~~.1a~~~-:~.~ter.,o~ gravity] :.: _-,. , .I., j I 

:. .;. ..' , ,J 
Y$ 

No. Loadi"@ -weight 
w 

Center-of-gravity Relative' a&hik .Mclment of inertia- 
location denei$y, ' 

v 
._ (&ug-ft2), Ma@e Pa==ter* I 

I 

x/c 
At -I ,:. .Ai' 

z/E ma 15,OOb :?i IY 12 IY - II, ii - Ix Ix - IY 
levil / feet rib2 mb2 ': mb2 :.; 

Airplane value~,~ 
< --. 8’ 

.- 

_. ., _ -, : 

.  .’ 

!  

1 Design $ose weW$ 11,600 0.241" 0.002 i3.73. .21.82 4,ilCj 27,270 29,629. -742 x 10-4 -76 x 10-4 818:x 10-4 

1 

i 
1 &f@J*l vdlti&-.!’ I 

,, ,:., -’ 

Center of&avity 
'_- _, = _. 

2 : at 30 peqcent E 12,175 930 -.0012!j l4.4 2219 4,013 28,539 30,350 .-749. -55 ,' 
i . . .._ 

3 Ceder ofgavity at 35 p&cent 5 12,175 .35 .008a il+ .4 '. 'n>,i 4,002 26,,8$ 28,620 .-6~ -55 
'_. .: ..- r. 

804 

752: 

:. . . ., 
,, 
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‘*.- : . T-IV.- EFEFCT OFDYN~~MOVl!bT OIVCHELONG~~?U.DI&L- 
. . . -,.:,,. .:,, ,m.m'p I. .a** =j19-' " - -'. ---= ,, 
. . . . ‘TRIM C&TERISTICS OF THE MODEL 
‘. 

. 
1 0~~ 

. 
. . . 

I l .: . . 

.,- ._.., 
',,:. 

C 

: 
Landing gear retracted; cockpit cloeed; rudder full with the spin; 

ailerons neutral; elevator revereed after forced epin rctation 
damped otig 

', _.,-A : 
., 1. !. 

.‘P 
‘., 

‘.q& _,’ ‘. 

I+kial elevator Pinal elevator '!' .' #.!,, ;q ..' 
! '. setting Behaviorof model following'~'- 
-"' _, (iLeg){ 

setting 
(deg) 

,:~I 
elevator movement 

Center of gravity at 30 percent C 

20 up 5 down Model remains in flat,etalled 
glide 

- 20 up I 10 down Model pitched downward and entered 
I 'a dive 

2Oup 15 'down Model pitched downward and went 
: inverted 

20 up y 20 down Model pitched downward end went 
inverted 

Center of gravity at 35 percent 5 

20 lq "' '- 
.' 

._ ,. 

Model oecillatee somewhat in pitch 20 down but remains in sixilled attitude .., . 

20 up,, 

.’ 
L 

35 down 

Model make8 several pitching 
oscillations, and then.pitchefi 
inverted.: Sametimes~rolls about 
X-axie as:,it pitches out of 
stelled ,glide 

20 up: mi ,~eOmdo~h ; ,.z.-j, Model pitches, inverted after,.a .._. .., :a+7 :- ;m~c.w 50% r..yp-n,.- _ . . ,:.9.. .y,I&y",.I' ? 8r.d' few pitching oscillations 
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TARLEV.- TU.fSLIXG ClURACkISI'ICS OF MODEL 

_ ,~ L -1 - 
-‘-. .‘- 

canpcme.nt during tunble is amc-tel, 5. fqsec; 

:enter-of- 
ETets 
p4xJiticn 

[perc=t El 

30 

30 

30 

35 

35 

35 

Method 
kc 

lamchinc 

Released 
frm 

vertical 
IloB- UP 

attitude 

with 
pceltiTe 
Pikhiag 
rctatiml 

With 
neegatira 
pitching 
rctaticul 

With 
negative 
&W.w 
rbtatsi 

iAmrcximate~ 
Fileratcr -rate of 
pce1t1al demept, full sdale aBaharic.r of model 

(ft/sec) 

.l. Entere motica that ia a canynaticn of tmb1ing, 

20°UP r ‘218 . rolling, and yawing. 
2. Oscillates q pitch about-a'lateral axis and 

I I d5ue. 

oc ni 
bl. Tumblea with positive pitkhing r&at&m. 

2. Entere a mcticn that $J ti~oanbimticm of tmbling, 
rolling, end yavlng. 

3. Oscillates in pitch about lateral axis and Ms. 

1. Tuablee with positire pitching mix&lap. 

20cdwn '221 
2. Tables with negative pitching rot&&m., 
3. Enters mctim that is a ccmbinatim of tw@ing, 

rolling, and yawing. 
4.RcUs m that elevator cppcees tmble and dampa. 
1. Rmbles. 

2Ocup 231 
2. Enterm aroticn that ie a ccmbinatim of tabling, 

. . rclling, ad yawing. 
~.Pitchhgdmps andmcdelgoes into arcll. 

l.Rnt?rsmtimthatis accmbinatlonoftmbling, 
2O'dcxn 246 ,'. rolling, and yawlhg. 

r 2.Pitchingdmmpsapd~mcdelgoee i&a&l. 
1. ZMmrs mctim that is a cabinaticn of tlabling, 

20' up 235 rclling, aml ralring. 
2. Stops tumbling in negative direct& and twnbles with 

positive pitching rctatim. 
1. Tmbles. 

20c down 235 2. Enters mctim that ie a canbinatlm of tumbling, 
rolling, and yavlng. 

1. Tumbles with poeltlve pitching rctatlca. 

200 up 220 
2. Enters mctlm that ie a ccmbinaticm of tabling, 

rolling, and yawini. 
3. Omcillates in pitch about lateral axle snd damps. 
1. Tmbles vlth poei$lve pitching rctatica. 
2. R&era mctim that ie a cclnbinatlm of tmblinq, 

rolling, apt-l. yaving . 
3. Oeclllatas in pitch about lateral axis and Qlps. 

1. wblee with negative pitching rotatita. 
2. mters mcticm that is a canbinatim of tumbling, 

rollinn. awl ravinu. ,,.' 

,.&. Tmbles; -time tmble haa a rolling oecillatlcn. 
2. Rutem mcticm that ie a ccmbinatim cf. tm&ing, 

rcllina. and rawlnn. ,, 

1. Tumbles; sclnstimes tlrmble haa a roll- oscl,llatlm. 

1. Forced pitching rctaticm damp6 and tie1 ttiles 

2. Forced pitching rotaticn dampa and model gcee into 
-~~~~.sqw.-5- l *x.-~-v-w-- 

before 

_ . 
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TABLE VI.- ~~~~~~AKD~~~~ECELERATIO~SATmL(TmBEAD~GTIMBI;ES 

-, ..+,__ $A. ,r,f'.e*.~ ,, -. . . . ,. ,~.., 

venter of gravity at 35 percent E, full-acale raluea glm,i] 

Elevator up ,.’ I- 
Time 
(a=)- (&! 

Elevator down 

rime 
:a=) 

=TraPaT*ree 
(43) 

2'.04 3 
2.40 .067 
2.73' ,134 
3.81 ,207 
4.63 268 
4.86 .335 
5.78 '.402 
8.25 .GP 
9..74 .536 
8.80 0603 
8.31 .670 
7.55 l 737 
6.50 .8o4 
6.00 .8/l 
4.77 .938 
4.58 L-.og5 
5.73 t.072 
6.31 ,;A L -139 
7.44 Lao6 
8.09 L.273 
7.96 L.340 
,7.&J L.407 
7.65 L.474 
5.2-b L.541 
3.m L .608 
2.92 
2.68 

+75 
I+742 

2.63 L :8og 
2.43 t.@6 
--me L ,943 

0 
-16 
-27 
-42 
-57 
-73 
-90 

blc OM 
(4 

Cnanwerec 
(43) 

%OllDd 
(8) 

-1.74 
-x.sr, 
-2.08 
-2.29, 
-2.55 
-1.69 

-.36 
-.27 

.18 

.&I 
i.4-i 
2.07, 
1.20 

.o3 
-.67 

-1.2o 
-1.38 
-1.81 
-2.51 
-4.83 
-8.60 
-9 .64.':: 
--4$5 ,' 

5 .13: 
2.681, 
1.08' 
2.35, 
2.95' 
3.&f 

:3'.go 
w 
5.. -=c 

%fOllllCi 
(8) 

2.03 
1.92 
1.60 
1.10 

063 
.24 

i.08 
2.31 

-2.37 
-3.20 
-3.36 
-3.28 
-3.22 
-3 29 
-'3.x? 
-i.12 

.81 

.32 
~38 

-1.08 
-1.60 

'-2&i 
-3.55 

.-4.8g 

.-3.9 
-2.81 
-2.&i 
-1;;s 

-.59 
----- 

I 
.o -. 1 -178 

.o64 172 

.=7 159 

.191 147 

.255 132 

.318 117 

.3&* 101 
A46 6 
.510 69 

;573 52 
:.637 34 
.701 19 
.764 1 
.&8 -13 
-892 -32 
456 -49 

1.019 -67 
1.083 -83 
1.147 -99, 
1.210 -XL3 
1.q4 -127 
1.338 -140 
1.401 -154 
1.465 -165 
1.52g -176 
1.592 y-- 
1.656 ---- 
1.720 ---- 
1.784 -y- 
1.847 ---- 

1.55 
1.39 
1.13 

.42 
-.og 
-A6 

. -.80 
3'11.63 
: -2.08 

.I, 
-2.45 
-3.34 
-4.55 
-3.l.l 
-1.94 
-1.66 
-1.71 
-1.65 
-1.42 
-e-m- 
--me- 
-e-s- 
--e-- 
----- 

-179 
-171 
-163 
-154 
-143 
-131 
-119 
-105 

97 
-tip 

-252 
-34 
-20 

-4 
9 

20 
34 
48 
62 
79 
95 

'IlO 
128 
143 
157 
168 
178 

-172 
-162 
-e-e 

3.70 
4.34 
5.39 
6.19 
6.97 
7.58 
8.32 
8.64 
8.53 

I. 
8.44 
7.70 
6.26 
5.25 
4.g 
4.83 
4.56 
4.33 
4.19 
---- 
-w-v 
--mm 
---- 
m-'-m 

4.go 
5.16 
5.38 
5.77 
6.22 
6.98 
6.53 
5.B 
5.37 
4.73 
4.g 
3*27 
2.18 
1.67 
1.45 
1.52 
1.71 
1.92 
,236 

- 2.88 
,'. 5 .13 
.', :. g.38 
:i ‘16 ~3 

12.65 
1:. 7.56" 

5.60 
4.51 
3.39' 
2.36 

-120 
-132 
'145 
-154 
-164 
-170 
-179 

174 
166 
158 
148 
ij7 
i2i 

'-108 
84 
59 
42 
28 

.18 
i 

-2 
‘-9 

7 
,-,...- '_ ,., . 

wwi*nt .‘of .~.~er~rati~-a~~t~-~-~~~~-.~ _ . . . . “- ,,.-_. 

bcanpo&nt of acceleration directed through long axis of pilot. 
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